Objective. To assess whether a combination of Internet-based and postal survey methods (mixed-mode) compared to postal-only survey methods (postal-only) leads to improved response rates in a physician survey, and to compare the cost implications of the different recruitment strategies. Data Sources/Study Setting. All primary care gynecologists in Bremen and Lower Saxony, Germany, were invited to participate in a cross-sectional survey from January to July 2014. Study Design. The sample was divided into two strata (A; B) depending on availability of an email address. Within each stratum, potential participants were randomly assigned to mixed-mode or postal-only group. Principal Findings. In Stratum A, the mixed-mode group had a lower response rate compared to the postal-only group (12.5 vs. 20.2 percent; RR = 0.61, 95 percent CI: 0.44-0.87). In stratum B, no significant differences were found (15.6 vs. 16.2 percent; RR = 0.95, 95 percent CI: 0.62-1.44). Total costs (in €) per valid questionnaire returned (Stratum A: 399.72 vs. 248.85; Stratum B: 496.37 vs. 455.15) and per percentage point of response (Stratum A: 1,379.02 vs. 861.02; Stratum B 1,116.82 vs. 1,024.09) were higher, whereas variable costs were lower in mixed-mode compared to the respective postal-only groups (Stratum A cost ratio: 0.47, Stratum B cost ratio: 0.71). Conclusions. In this study, primary care gynecologists were more likely to participate by traditional postal-only than by mixed-mode survey methods that first offered an Internet option. However, the lower response rate for the mixedmode method may be partly due to the older age structure of the responding gynecologists. Variable costs per returned questionnaire were substantially lower in mixed-mode groups and indicate the potential for cost savings if the sample population is sufficiently large.
INTRODUCTION
Physician surveys play an important role in health care research. They are an essential source of information on physicians' knowledge, attitudes, beliefs, and practices related to new or controversial technologies, decision making regarding specific interventions, or the implementation of public health interventions (Kellerman and Herold 2001; Klabunde et al. 2012) . Previous reviews have shown that on average response rates of physician surveys are substantially lower than those of nonphysician surveys (Cummings, Savitz, and Konrad 2001; VanGeest, Johnson, and Welch 2007) . Consequently, physician surveys have limitations in validity and generalizability of their findings (Kellerman and Herold 2001; Cull et al. 2005; VanGeest, Johnson, and Welch 2007; Martins et al. 2012; Willis, Smith, and Lee 2013) . Furthermore, there is evidence suggesting that response rates in physician surveys may be even declining further (Cull et al. 2005; Cook, Dickinson, and Eccles 2009; McLeod et al. 2013) .
Several systematic reviews have examined strategies on how best to increase response rates among physicians, mostly focusing on traditional approaches, that is, postal, fax, or telephone surveys (Kellerman and Herold 2001; VanGeest, Johnson, and Welch 2007) . For example, a review including 24 studies examining survey methodology (until the end of the 1990s) found that prenotification, personalized mail-outs, and nonmonetary incentives were not associated with improved response rates among physicians (Kellerman and Herold 2001) . More recent reviews, however, have shown that prenotification letters and sponsorship or endorsement by organizations salient to the survey's target population are important factors in establishing the survey's relevance and to facilitate participation (Field et al. 2002; Edwards et al. 2009; McLeod et al. 2013) . Regarding the mode of survey contact, postal and telephone surveys achieved higher participation rates than fax or Internetbased surveys (VanGeest, Johnson, and Welch 2007; McLeod et al. 2013 ).
Surveys using mixed-mode and telephone-only or postal-only surveys obtain higher response rates than compared to email-only or Internet-only surveys (VanGeest, Johnson, and Welch 2007; McLeod et al. 2013) .
Although researchers have started to examine response rates in physician surveys using the Internet, for example, email or Internet-only surveys (Braithwaite et al. 2003 ) and mixed-mode surveys, that is, initial postal survey followed by Internet-based or vice versa (McMahon et al. 2003; Beebe et al. 2007; Matteson et al. 2011) , evidence is still limited on how best to increase response rates in physician surveys while keeping resource needs low. Mixedmode surveys may improve response rates, as long as the different survey modes are presented sequentially: A fixed sequence is important because providing a choice of different modes simultaneously can lead to complexity in the decision-making process for potential respondents and may reduce response rates (Beebe et al. 2007; Klabunde et al. 2012) . However, it is still unclear whether this finding also holds when surveying physicians: Do mixedmode surveys lead to improved response rates under certain circumstances, that is, if a primary email address is available for delivering a survey link?
The purpose of this study was, first, to assess whether a combination of Internet-based and postal survey methods, that is, mixed-mode, leads to improved response rates among primary care gynecologists compared to postal-only survey methods and to compare the cost implications of the different recruitment strategies.
METHODS
This physician survey was part of a case-control study entitled "Care-related factors associated with antepartal diagnosis of intrauterine growth restrictions -A case-control study." The aims and the study design of the overall project are described elsewhere (Ernst et al. 2014) . We conducted a randomized trial to assess the effect of mixed-mode survey methods on response rates and cost implications when conducting a physician survey. This type of survey may also be described as staged Internet-postal survey, but following other publications (e.g., Beebe et al. 2007 ), we use the term "mixed-mode survey." Postal and email addresses were collected for all eligible primary care gynecologists via Internet search. Postal addresses of all eligible gynecologists are provided on the ASHIP's websites (publicly available lists). To ensure validity of collected email addresses, we exclusively accessed officially provided websites, that is, first, we accessed publicly available lists provided by the ASHIP and the Federal Association of gynecologists (Bundesverband der Frauen€ arzte e.V.) (Federal Association of Gynecologists 2016). Secondly, if available, we accessed gynecologists' practice websites for adequate email addresses. Both gynecologists' private and practice-related email addresses were included. Email addresses were not available for all participants. To avoid bias based on the availability of email addresses, we split the sample into two strata: Stratum A included all potential participants with a publicly available email address, and Stratum B those without email address. Within each stratum, the potential survey participants were randomly assigned to the mixed-mode or the postal-only group (Figure 1) . Consequently, the mixed-mode used in Stratum A differed from that in Stratum B, due to the availability of email addresses. Allocation ratio was 1 : 1 in each stratum, using a random number algorithm in Microsoft Excel.
Study Design and Participants

Recruitment Strategies
The survey was conducted from January 2014 up to July 2014. To establish the survey's relevance, gynecologists were pre-informed about the survey through newsletters and announcements in the institutional bulletin by the ASHIP in In Stratum A, all participants in the mixed-mode group received an invitation to the Internet-based survey via email, containing an embedded link and personalized access key. If respondents had not accessed and completed the survey after 3 weeks, we sent a reminder email with the same link and access key. If the survey had not been completed after 6 weeks, a postal letter with a paper-based questionnaire was sent out (mode switch). In Stratum B, the mixed-mode group received an initial postal invitation to the Internet-based survey, containing a personalized access key and the written link to the survey. Three weeks after the first contact a reminder letter was sent, if the survey had not been completed. After 6 weeks, the potential participants received a postal letter with a paper-based questionnaire (mode switch). The same recruitment strategy was applied to the postal-only groups in Stratum A and Stratum B. The potential survey participants received a postal invitation, providing a copy of the paper-based version of the questionnaire. If the questionnaire had not been returned after 3 weeks, a reminder letter was sent out without the questionnaire. A second reminder letter and a new copy of the questionnaire were sent if the potential survey participants had not responded after 6 weeks. Figure 1 provides an overview of the strategies.
Survey Questionnaire
The survey comprised a self-administered Internet-based or paper questionnaire, containing 21 items targeting gynecologists' practice routine regarding intrauterine growth restriction (IUGR) with an estimated time for completing the survey of 5-10 minutes, based on pretesting.
To avoid mode effects, that is, changes of responses due to differences in visual appearance of the questionnaires (Dillman 2000) , the online survey design and layout was made to be as comparable to the postal version as possible. The questions were displayed in the same order and format as they were in the paper version. A professional web designer developed the study website that hosted the survey. The landing page of the website invited gynecologists to enter their assigned personal access key before the questionnaire was displayed. The study website provided information on aims and objectives of the project. However, the invited gynecologists were blinded to the fact that they were taking part in a methodological experiment.
Descriptions of Cost Types
We recorded recruitment and study conduct costs in either of two categories: fixed or variable costs. Fixed costs are virtually independent of sample size. We split fixed costs further into general costs-that is, document layout, preparation of dataset for the analyses, database maintenance, and technical support-and expenses for information technology-that is, programming and testing of the questionnaire for each survey, programming of the website, and testing of the databases. Variable cost included field costs-that is, expenses for printing and materials (letters, questionnaires, envelopes, and stamped addressed envelopes), expenses for response processing (telephone hotline, checking, scanning data, and sending letters), and postage. We did not include the costs for the Internet search on availability of gynecologists' email addresses in the costs analysis as those will vary strongly by setting, due to availability of provided email-distribution lists.
Statistical Analyses
We calculated response rates for each wave and compared those between the study arms within each stratum by calculating risk ratios (RRs) with 95 percent confidence intervals (CIs). In addition to reporting the cost items, we calculated the costs per valid questionnaire returned-that is, costs per absolute number-and costs per percentage point of response (PPR)-that is, costs divided by response rate for each cost category. We calculated PPR to account for differences in total sample size.
Ethics Statement and Consent
Ethical approval for all study procedures was obtained from the ethics review board of the Bremen Medical Association.
RESULTS
A total of 1,141 primary care gynecologists were eligible to participate in the study (Figure 1 ), after removal of three ineligible or duplicate cases due. Overall, email addresses of 60.4 percent (n = 691) of the primary care gynecologists (Stratum A) could be identified, containing 56.6 percent (n = 391) personal email addresses and 43.4 percent (n = 300) practice-related email addresses. For 450 primary care gynecologists, no valid email address could be identified (Stratum B). In Stratum A, 345 primary care gynecologists were randomized to the mixed-mode group and 346 to the postal-only group. In Stratum B, 225 primary care gynecologists were randomized to each group. In the overall sample, the mean age of the participants was 53.6 AE 7.6 years; more women (67.0 percent) than men (33.0 percent) participated in the survey. The majority of participating gynecologists had more than 5 years of practical experience (6-15 years: 41.1 percent, n = 76; >15 years: 38.9, n = 72), and only a few gynecologists had less or equal to 5 years of practical experience (≤5 years: 15.7, n = 29) (data not shown). Selected characteristics of responding gynecologists according to stratum and data collection mode are shown in Table 1 .
Response Rates
In total, 185 primary care gynecologists completed the survey questionnaire, resulting in an overall response rate of 16.2 percent. In Stratum A, the mixedmode group had a significantly lower response rate when compared to the postal-only group (12.5 vs. 20.2 percent; RR = 0.61 [95 percent CI: 0.44-0.87]). In Stratum B, we observed no statistically significant difference between the study arms (15.6 vs. 16.2 percent; RR = 0.95 [0.62-1.44]; Table 2 ).
The difference in the response rate in Stratum A was particularly striking after the first wave with only 2.6 percent responding in the mixed-mode group and 10.4 percent in the postal-only group (RR = 0.25 [0.12-0.51]). After the mode switch (third wave), when we sent postal copies of the questionnaire, the response rate in the mixed-mode group in Stratum A increased by 7.5 percentage points and thus was higher than compared to the first (2.6 percentage (Table 2) . In Stratum B, the response rates were quite similar across all three waves between the study arms.
Recruitment Costs
The total costs per valid questionnaire returned and per PPR were higher in the mixed-mode groups than in the postal groups (Stratum A: cost ratio = 1.60; Stratum B: cost ratio = 1.09; Table 3 ). However, when analyzing costs per category (i.e., fixed vs. variable costs), the picture changes slightly: Total fixed costs varied only slightly between survey modes, that is, they were €1,072 higher for the mixed-mode (cost ratio: 1.07). This was caused by the difference in the costs for the required information technology. Fixed costs per valid questionnaire returned and per PPR were considerably higher in the mixed-mode groups with cost ratios ranging from 1.13 to 1.73. However, variable costs were lower in the mixed-mode groups as compared to the respective postal-only groups. Cost ratios for variable costs per valid questionnaire and per PPR were 0.77 in Stratum A and 0.76 in Stratum B.
DISCUSSION
We conducted a randomized trail examining whether mixed-mode survey methods are an alternative to more traditional postal-only survey methods for surveys among physicians. The results showed that using a combination of 
Combining Internet-Based and Postal Methods
Internet-based and postal survey methods in a survey among primary care gynecologists with available email addresses led to lower response rates compared to traditional postal-only survey methods. Number of valid questionnaires in intervention groups are 43 (Stratum A) and 35 (Stratum B), respectively, and in the control groups 70 (Stratum A) and 37 (Stratum B), respectively. ‡ Response rate in intervention groups are 12.5 percent (Stratum A) and 20.2 percent (Stratum B), respectively, and in the control groups 15.6 percent (Stratum A 35) and 16.4 percent (Stratum B), respectively.
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Recruitment Costs
The potential to reduce costs is often put forward as a major advantage of using Internet-based survey methods over the more traditional postal survey methods. In our study, the total costs in mixed-mode groups were higher than in the respective postal-only groups for both total costs per valid questionnaire returned and per PPR. Variable costs, however, were substantially lower in the mixed-mode groups due to the lower costs for printing/material and postage than compared to the respective postal-only groups. Conversely, fixed costs in mixed-mode groups were considerably higher for both total costs per valid questionnaire returned and per PPR. This is due to the lower response rates than compared to the respective postal-only groups. Nonetheless, the potential cost savings in variable costs in mixed-mode groups did not offset the low response rates. A similar study examining (cost) differences between a mixed-mode survey and postal-only survey found that costs per returned questionnaire were lower in the mixed-mode survey than in the postal-only survey. The authors concluded that the larger the sample, the more cost savings become possible using a mixed-mode survey (Zuidgeest et al. 2011) . Our findings regarding lower variable but higher fixed costs in mixed-mode groups are in line with results of the aforementioned study. We found that depending on the additional fixed costs and the overall sample size, a mixedmode approach can be more cost-effective in terms of costs per valid questionnaire returned/percentage point of response-if the sample is large. However, when surveying physicians, the target population, that is, specialists, is naturally limited by its number. Thus, it may not be possible to attain a sample size large enough to achieve cost savings.
Strengths and Limitations
Our study had several strengths. First, our trial was conducted under realworld conditions. Second, adequate email addresses of 60.4 percent of all eligible gynecologists could be identified beforehand. We received only three "bounce-back" emails out of 345 sent. Additionally we received only a few postal surveys returned as undeliverable. However, we cannot rule out that surveys were delivered to incorrect email or postal addresses and no "bounceback" or mail-return was generated. And third, in our randomized trial the potential survey participants in each stratum were randomly assigned to one of two recruitment strategies to control for unmeasured characteristics between potential participants with and without email address.
Combining Internet-Based and Postal Methods
The main limitation of our study is the low response rate in all groups compared to other physician surveys examining response rates using Internetbased and postal survey methods (McMahon et al. 2003; Seguin et al. 2004; VandenKerkhof et al. 2004; Akl et al. 2005; Leece et al. 2006; Beebe et al. 2007; Grava-Gubins and Scott 2008; Matteson et al. 2011) , where response rates of 24-80 percent were achieved for the postal groups and 29-63 percent for the Internet-based experimental groups. In one of our earlier physician surveys in Germany, we obtained a higher response rate of 36.4 percent (Merzenich et al. 2012) , similar to another physician survey on the national level with a response rate of 33 percent (Velasco et al. 2012 ). However, low response rates similar to the current survey are an issue also for other physician surveys in Germany, for example, with a response rate of 16 percent (Gutsfeld et al. 2014) . The specific objectives of the survey targeting gynecologists' practice routines regarding pregnancies affected by IUGR might have caused limited responses. Earlier studies have pointed to quality problems in antenatal care in Germany with regard to IUGR detection ( Jahn, Razum, and Berle 1998, 1999; Bais et al. 2004 ). Thus, due to the sensitive topic of our survey, gynecologists might have felt unwarrantedly inspected in their routine practice.
Due to limited resources we did not use monetary incentives. Previous studies have shown that physician participation in surveys could be successfully improved using incentives, in particular via monetary incentives offered in advance (prepaid; Kellerman and Herold 2001; VanGeest, Johnson, and Welch 2007; Flanigan, McFarlane, and Cook 2008) . However, we used other proven strategies to increase the response in our survey, that is, prenotification and a letter of support from an influential professional organization.
Interpretation
There are several plausible explanations why the mixed-mode approach did not increase the response rates in our experiment. First, it is cumbersome to obtain valid and frequently accessed email contacts of physicians. Receptionists or assistants often refuse to provide email addresses without the physicians' permission. Furthermore, email messages from unfamiliar senders may be diverted by spam filters, or due to the unfamiliar sender, the respondents may choose to ignore them (Klabunde et al. 2012) . Our experience showed that it is unlikely that primary care gynecologists provide their personal email addresses in officially provided lists. Similarly, it is currently not feasible to obtain a comprehensive listing of eligible
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HSR: Health Services Research 53:2 (April 2018) primary care gynecologists (or other physicians) for survey purposes in Germany. However, we identified about 60.4 percent of the email addresses through a multistage approach using online resources. In this regard, we are aware that gynecologists in practices or clinics may not regularly or not at all access their email accounts or had a receptionist or assistant screen and select incoming email messages. The older age structure of our study sample indicates that respondents of older age groups may not use an Internet-based survey tool as compared to younger age groups. A U.S. national survey among primary care physicians, for example, found that participants older than 60 years of age preferred postal survey methods, whereas those younger than 40 years of age preferred Internet-based survey methods (Smith et al. 2011) . Our results are in line with another study comparing mail and web-based study modes, stating that younger age groups tended to participate more often in the web survey (Kwak and Radler 2002) . Because we surveyed primary care gynecologists only, our results may have limited generalizability to other physician specialties or to physicians in general. However, beyond the medical specialization, the group is not likely to differ substantially from other primary care physicians. Overall, our presumption that mixed-mode survey methods lead to increased response rates in a survey among primary care gynecologists could not be confirmed. It seems that sending the survey by email first has a negative effect on the overall response rate (stratum A: mixed-mode). However, we did see that the response to the postal follow-up (7.5 percentage points; after mode switch) was almost of the same order as in the first wave of the postal-only group (10.4 percentage points). It is possible that if we had sent further postal reminders, similar to the postal-only arm, the response rate might have increased further in this group.
CONCLUSION
Physician surveys will continue to be an essential tool for assessing information on physicians' knowledge, attitudes, beliefs, and practices. At least for our study sample, primary care gynecologists are more likely to participate using traditional postal-only rather than mixed-mode survey methods. The lower response rate for the mixed-mode survey methods may be partly due to the age structure in our study sample. Despite the lower overall response rate, the variable costs per returned questionnaire were substantially lower in mixedCombining Internet-Based and Postal Methodsmode groups and (depending on magnitude and difference of fixed cost) indicate the potential for cost savings if the sample population is sufficiently large. Future research is needed to investigate whether the same response tendencies are seen for other physician specialties and across different age groups. We presume that it may be useful to repeat similar experiments (including with different sequences of survey modes) at regular intervals, as information technology is expected to change daily medical and research practice substantially over time.
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